The influence of 02 availability on the rate of protein synthesis, the levels of RNA and of adenylates, and the value of the energy charge in squash (Cucurbita maxima) It seems that the effect of 02 on seed germination involves an effect on the systems of transcription and translation of genetic information. The control exerted by 02 on these systems should imply, in its turn, the regulation of other metabolic parameters as, for example: (a) an effect on the level of ATP, as promptly utilizable energy made available by respiration; (b) an effect on the value of the energy charge (1) as an important factor regulating both the production of ATP from respiration and its utilization for metabolic work.
The different RNA contents cannot explain the different rates of protein synthesis. Resumption of metabolic activities in the early phases of germination is controlled by both endogenous and external factors. Among environmental conditions, water and 02 availability play a main role. The mechanism through which water and 02 control seed germination is not satisfactorily understood. A suitable material for the study of the effect of 02 on seed germination is supplied by squash seeds (Cucurbita maxima). In this material, 02 availability at the onset of germination is physiologically limited by the presence (under the teguments) of the inner membrane (residual of nucellus and of endosperm) which strongly limits 02 exchange (4, 23) . 02 availability of intact seeds in the early phases of germination is nearly equal to that of seeds deprived of the inner membrane and incubated in the presence of 3% 02-Such an 02 concentration appears to be strictly limiting: in fact, increasing P02 (up to 20% 02) strongly stimulates Q02 and the development of many enzymic activities involved in the resumption of metabolic activities at the onset of seed germination (5, 23).
It seems that the effect of 02 on seed germination involves an effect on the systems of transcription and translation of genetic information. The control exerted by 02 on these systems should imply, in its turn, the regulation of other metabolic parameters as, for example: (a) an effect on the level of ATP, as promptly utilizable energy made available by respiration; (b) an effect on the value of the energy charge (1) as an important factor regulating both the production of ATP from respiration and its utilization for metabolic work.
In this investigation, we have studied the effect of 02 availability on the rate of protein synthesis, the levels of RNA and of adenylates, and the value of the E.C.1 in squash cotyledons incubated in high (20%) or low (3%) 02 concentration.
MATERIALS AND METHODS
Squash seeds (Cucurbita maxima) sterilized with 1% w/v NaClO for 10 min were decoated and deprived of the inner membrane after 1 hr of imbibition and then germinated at 30 C in the dark in open Petri dishes on wet filter paper. The dishes were put in desiccators through which humidified gas mixtures were flown continuously. Cotyledons were isolated after the desired times of germination.
Determination of the various parameters was performed immediately after isolation or after different periods of incubation (from 7 to 90 min) in distilled H20 in Erlenmeyer flasks. Gas mixtures were bubbled continuously into the medium during incubation through a rubber plug provided with two holes. (16) .
Levels of RNA. The RNA content of the cotyledons was measured according to Cocucci and Sturani (11 (2) and by Verma and Marcus (26) . The values of ATP, ADP, AMP, and of the E.C. in cotyledons isolated from seeds germinated for 22 hr in 3% or 20% 02 are reported in Table  II . The levels of all of the nucleotides are lower in the cotyledons grown in 3% 02 than in those grown in 20% 02. The largest difference is in the level of ATP, which in limiting 02 is less than half of that in 20% 02. As a consequence there is a change in the value of the E.C. from very high values (0.85), typical of growing cells, in high PO2, to a substantially lower value (0.75), in low PO2 (6) .
The behavior of the adenylate system in response to the shift Of 02 availability from 3% to 20% 02 or vice versa was then studied. The levels of ATP, ADP, AMP, and E.C. of cotyledons isolated after 22 hr of germination in 3% or 20% 02, then incubated for 30 min in various PO2 conditions, are reported in Table III . The data show that the shift to high PO2 of cotyledons coming from low PO2 brings about in 30 min a strong decrease of the levels of ADP and AMP and a considerable increase of ATP level in comparison with the controls maintained in 3% 02. Besides, as the increase of ATP is larger than the decrease of ADP and AMP, an increase of the adenylate pool is evident. Due to the increase of ATP and the decrease of ADP and AMP, the E.C. rises to a value also larger than that of cotyledons maintained in 20% 02 all of the time. Conversely, the shift to 3% 02 of cotyledons grown in 20% 02 brings about a partial conversion of ATP to ADP and AMP and a consequent lowering of the E.C. to a value lower than that of controls maintained in 3% 02. Thus, 30 min after the shift to the two PO2 under consideration, the values of the E.C. are satisfactorily correlated to the rates of protein synthesis. This situation is 
CONCLUSIONS
The results reported in this paper show that in squash cotyledons 02 availability affects the rate of protein synthesis, the accumulation of RNAs and of the adenylate pool, and the values of the E.C. Oxygen-dependent changes of the rate of protein synthesis-which is certainly a limiting factor for the development of metabolic activities in the early phase of germination-are largely independent of changes of total RNA content but are positively correlated to the phosphorylation degree of the adenylates independent of the levels of the single nucleotides.
The fact that the rate of protein synthesis appears correlated to the values of the E.C. seems physiologically meaningful because, in this manner, the rate of protein synthesis can be promptly controlled as P02 changes, independent of the size of the adenylate pool (3, 25) .
The correlation between the values of the E.C. and the rate of protein synthesis reported in this paper suggests a general mechanism through which the ratios between ATP, ADP, and AMP and hence the E.C. may have a regulatory function in germinating seeds, as has been shown (7, 9, 10, (20) (21) (22) , and emphasizes the use of this parameter to investigate the control of metabolic processes by energy availability in eucaryotes (2, 12) . 
